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Ostober 50, 1957 25%1
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Subject: Contract RD=9k
Task Order No. 2
25X1
Dear
In accordance with Article 2 of the basie contract,
there are forwarded herewith two (2) copies of the Monthly
Progress Report for September 1957 on Task Order No. 2 of RD=9he
This report is UNCIASSIFIED. Anm additional oopy is being
held in \_‘_Er{y the projeect engineer for the use of 25%1
your personnel while at this locatiom.
In conneetion with this monthly progress report
the follewing information is submitted:
Total expenditures to 8«31«57 « $45,431
Outstanding commitments as of
Be3le5T -« 262
| m Punds remaining ss of 8«31«57 « $14,623
This desument containe infermation affecting the astional " Very truly yours,
25X1

defenes of United States within the meaning of the
ml.':'. Title 18, U.8.C., Sections 793 and T94.
Ite teanemissidn or the revelstion of its contents in any
manner 4 o0 umautherised person lo péohibited by faw.
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Monthly Progress Report
September 1967

Task Order No. 2
Contract No. RD-394

Audio Noise Reduction Circuits

The object of this project is to develop & noise reduction ocirocuit
suitable for use in separating speech intelligence from a signal containing
speeoh and noise when the speech intelligence is masked by the noise. The
proposed mothod involves a principle which has been used successfully to
improve the signaleto-noise ratio in musio reproducing or transmission
lyltom.l The system used for music oontains bandpass filters which pass
frequencies over a range of an octave or less. These filters are used
at the input and output of & non-linear element. The output of the non~
linear elements contain the fundamental, and also harmonics and subharmonios
of the fundamental. However, since the pass band of the input and output
bandpass filtors is no greater than an octave, the harmonics and subharmonies
are not transmitted by the system. The function of the non-linear elemont
is to rejeot all noise signals below a given amplitude or threshold level.
The threshold levels of the non-linear devices in each channel can be
adjusted so that, in the absence of desired signal, the noise is rejeoted.
When the desired signal is greater than the threshold level, the none~linear
elements allow the composite signal to pass. Thus, for passages of recorded
masio, when the music signal is below the noise level in a given frequency
channel, the channel is inoperative, and its output is eliminated from the
total output. Since the contribution of this channel to the total output
would have been only noise, the over-all noise level is reduced. When the
music signal in a given channel is greater than the noise, the channel

oonducts and allows the composite signal to pass. Thus, a channel conduots

1. H.F. Olson, "Electronics," Dec., 1947.
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only when the desired signal is greater than the noise, and rejects when
noise alone is present.

In order to apply this mothod of noise reduction to spesch, when
the wide band speech signaleto-noise ratio is very low, it was believed
necessary to find frequency regions in which the speech amplitude is
greater than the noise. Although the long time average spectrum of speech
is continuous, and similar in shape to the spectrum of room noise,z the
short time spectrum of various speech sounds contains regions of maximum
energy oalled speech r':u-mmm:s.8 The assumption that this method of noise
reduotion should be utilised for speech was based upon the belief that it
would be possible to find frequency regions in which the amplitude of the
specch fomhu would be greater than the noiss a substantial part of tho
time,

A study has been made to determine what bandwidths are required in
order to obtain speech formant amplitudes above the noise when a wide band
speech sample 1s just intelligidble in noise, It is known that for noises
with a continuous spectrum it is the noise components in the immediate
frequency region of the masked tone whioch contribute to the mimll:i.ng.'1B When
& very narrow band of noise is used to mask & pure tone, the masking inoreases
as the bandwidth is inoreased until a certain bandwidth is reached. After
this, as the bandwidth is increased, the amount of masking remains constant.
This bandwidth at which the masking reaches a fixed value is termed the

oritical bandwidth.s Measurements have been made using filters whioch were

2. H. Fletoher, "Specch and Bearing on Communication,™ Van Nostrand Co., Ino.,
New York, 1953 (see Figures 61 and 70).

3+ Opecit. chape l.

4, L.L. Beranek, "The Design of Speech Communication Systems," Proc. IRE,
Vol. 35, pp. 882, Sept., 1947,

5. NoR. French and J.C. Steinberg, "Factors Governing the Intelligibility
of Speech Sounds," Jour. Acoust. Soc., Amwsr., Vol. 19, Jan., 1847,
(See Figure 7). |
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both narrower and wider than the oritical bandwidth. Both pure tones and
speech mixed with continuous spectrum type noises have been studied. The
results of this study show that, for the narrowest permissible banda which
can be used to pass spesch formants, the number of times the speech formant
amplitude in a given band exceeds the noise is small. Also, in these bands,
the speech amplitude is never considerably gfeater than the noise. 8ince
very narrow bandwidths are required to reduce the noise below the signal,
the number of bands required to oover the apsech spsctrum is quite large.

There was no satisfactory way of evaluating the effect upon speech intelligence
of small contributions from many narrow bands without building & many channeled
circuit and evaluating it. A complete multi-channel system has been developed
in order to determine the effectiveness of this method of mprovifxg speech
intelligidility in noise. The multiechannel system developed containa 110
channels covering ths frequency range from 170 to 3200 ops. The bandwidth
and the threshold level of each channel is adjustable. The 110 channels are
arranged on 11 chassis with 10 channels on each chagsise.

During September the design of 11 band pass filters was completed and
sent to the model shop. At present, whole spsecch is fed to each of the 11
chassis. The purpose of the band pass filters is to 1imit the frequency
spsctrum of the spesch epplied to each chassis to only those frequenocies
that the chassis can pass. In addition, a volume compressor is being designed
for each chassis. This compressor, used in conjunction with the band pass
filters, will reduce the dynamic range of the signal applied to each group of

10 channels. It is desired to compress the dynamic range of speech from 20 db
into 8§ db with &8s simples a device as possible., As soon as these modifications

are oompleted, evaluation mesasurements will be oontinued.

25X%1

Sanitized Copy Approved for Release 2011/09/20 : CIA-RDP78-03300A001900110008-0



